Trends in distance education show a growing emphasis in collaborative learning, stimulating students to exchange ideas and information. A collaborative environment, however, will demand a higher effort from the teacher, who will have to supervise all the discussions among the learners, so that they do not deviate from the intended topic for the lesson. Moreover, the information proceeding from the interactions among the students will provide to the teacher features that allow a individual evaluation of the students and his course. In this way, this paper describes a first experience using Multi-agent architecture able to monitor the communication tools in a distance learning group. This system analyzes the discussions taking place in these tools (discussion list, chat and newsgroups), showing to the teacher statistical information (percentile of participation and number of changed messages) and identifying possible associations in the interactions, such as, topics and subtopics that interest the students, groups of learners that interact intensively, etc.
The paper is organized as follows: section 2 presents a brief description of multi-agent systems and software agents; concepts used for modeling the proposed system; section 3 presents the motivation; section 4 describes the architecture of the proposed Multi-agent system and the implemented prototype; section 5 presents the validation of the prototype and conclusions; section 6 describes the perspectives for future work and, finally, section 7 lists the bibliography used in this paper.
MULTI-AGENT SYSTEMS
Starting from the decade of 1970, with the arrival of the Intelligent Tutoring Systems, the researchers in Computer Science in Education observed the need to use techniques of Artificial Intelligence to turn education systems most flexible and adapted to users needs. Now, the collaborative focus of the distance learning brings a great number of problems and activities in which the agents technology can be very well used, such as monitoring the students as well as providing information to the teacher.
When a system has more than one agent, it is known as Multi-agent system (MAS). An agent is an autonomous entity that has knowledge of its own existence and of the others agents' existence and, therefore, they collaborate with each other to reach a common goal in an environment (Sichman et al., 1992) .
In a MAS, agents must have some specific capacities in order to interact in the same environment. This is the reason why the agents must recognize their existence and the existence of other agents. They must be able to communicate, and for doing so, they need their own language. Each agent must have knowledge and skills to perform a specific task and must cooperate in order to achieve a global purpose.
According to (Sichman et al., 1992) , the different agents capacities for resolution of problems allow classifying them in two main categories: reactive agents and cognitive agents. Now, even so, we can observe that reactive agents and cognitive agents are the begin and the end of a classification line where new denominations appeared as, for example, software agents. The agents of this paper are considered software agents.
A software agent is a piece of software that executes a certain task using incoming information of its environment. The software can be able to adapt itself based on the changes that are happening in its environment, generating, in this way, the wanted result. Software agents are computer systems to which one can delegate tasks. They differ from conventional software in that they are long-lived, semi-autonomous, proactive, and adaptive (MIT Groups, 2000) (Hermans, 1996) (Koda, 1996) .
Although it is still a very current area, there are some examples of applications using software agents (Hermans, 1996) : a) Manage nets and systems; b) Filter e-mails (Malone et al., 1997) , (Maes, 1997) ; c) Look for information in the web (Knoblock and Ambite, 1997) ; d) To mark meetings in a collaborative group (Maes, 1997) ; e) In the e-commerce, aiding an user to search products in the web or managing sales; f) As interface agent, where the agent will monitor the user's actions, to develop models of the user's abilities and automatically help the user when appears problems (Laurel, 1997) .
MOTIVATION
The motivation for the development of the agent's architecture to monitor the collaboration resulted of some interactions with educators of the area of distance learning (We had the assistance of the distance learning teachers of PUCRS). When asked on possible tools to help teachers and students in the aspect of collaboration, it was observed that there weren't tools to aid teacher to monitor the interactions among students. According to the educators, collaborative classes generate a great number of interactions, which is difficult to the teacher to monitor and it resulting in little time to accomplish other important works in the class. So, we decided to implement a multiagent system to monitor and analyze collaboration that provide to the teacher information that will help him/her in the evaluation of students and of its course. With that, the teachers would have larger free time to do other activities in the course.
SYSTEM SPECIFICATION
The multi-agent system proposed is composed of four agents. Three of them, witch we call collecting agents are responsible for collecting data based on the messages of the Internet communication mechanisms, that are: discussion list, newsgroup and chat. The fourth agent is the teacher's agent. The teacher's agent, when asked by the teacher, requests analysis made by other agents and shows them to the teacher.
In this system there is an agent for each one of the Internet communication mechanisms available (discussion list, chat and newsgroup). This single agent is responsible for collect all the information in that tool, and it happens periodically. For instance, there is an agent responsible for the discussion list. This agent is put into operation from time to time by the system and then it brings every new e-mail message that might arrive at the list. In an alike way, there is an agent responsible for the newsgroup and other one for the chat log file.
Each agent has its own local database, which stores the collecting data. After this data collecting it does the analysis. When the teacher decides to see the analysis, he will ask to the teacher's agent. The teacher's agent will request to the others agents that will send the name and the address of the file containing the analysis. The teacher's agent will do a local copy of the file and will show the analysis to the teacher. The collecting agents are located at the teacher's local folder, where the e-mail and the newsgroup's messages are stored. The teacher's agent will be installed in the machine chosen by the teacher. The general architecture of the multi-agent system can be seen in [ Figure 1 ]. 
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While they are reading new messages, the collecting agents look for data that will be used for posterior analysis. These information are stored in a database that has the following fields:
ID
FROM REPLY SUBJECTS SUB-SUBJECTS DATE TIME COMMUNICATION MECHANISM
Where: a) ID: Message identifier. In the chat it identifies each sentence formulated by a user. b) From: Student sender of the e-mail or newsgroup message or of the sentence in the chat. c) Reply: It is used just for news. It identifies when a news article is sent as an answer or as an argument to an existent message (thread). d) Subject: This field contains a list of subjects. e) Sub-Subject: As the students keep on discussing a certain subject, there will be much more specific comments to be sent. It may create a new sub-subject. f) Date: Sending date of the e-mail, newsgroup or the chat-meeting message. g) Time: Sending time of the e-mail, newsgroup or the chat-meeting message. h) Communication Mechanism: Tool in which the agent collects data. It can be: discussions list, newsgroup and chat.
Identification of the Subjects and Sub-Subjects in the Messages
The subjects and sub-subjects are identified in the messages subject (just in e-mails or news) or by keywords in the message content. The agents consider keywords all the nouns found in the text. In this case, adverbs, prepositions, numeric values and verbs are not considerate. It is because a noun has richer semantic value than the other words (Salton and McGill, 1983) , (Baeza-Yates and Ribeiro-Neto, 1999) .
In the first analysis made by agents, they considered keywords all the nouns and verbs. But, the results of the first analysis show that verbs didn't represent so much the messages subjects.
In order to check the syntactic and morphological meaning of these words we are using a lexical-morphological dictionary of the Lexis project (Lima et al., 1997) and a thesaurus that is supplied by the system. The use of the lexical dictionary facilitates to identify the nouns in the text, while Thesaurus is used to identify synonyms and hierarchy relationships among the words (sub-subjects). Messages are in Portuguese.
Data Analysis
Each agent has its own local database, which stores the data, as explained before. After this data collecting it does the analysis, based on data existent in its database. The period of analysis can be default (analyzes all messages sent after the last analysis), or teacher can ask interaction analysis that happened in a certain period of time, with some determined initial and final dates.
Basically, there are three kinds of associations that can be identified by the agent in the interaction analysis: a) Student-student: It identifies which students interact more with each other. b) Student-subject: The agent gets information about which subjects each student discusses more. This kind of analysis allows identifying which topics are more interesting for each student. c) Student-student-subject: The agent identifies which subjects are of greater interest for a specific group of students. Besides all associations mentioned above, it is possible to have access to some statistical analysis based on data gathered in the messages: the number of messages exchanged, participation percentage, etc. This statistical information helps the teacher to evaluate the student's participation in the interactions, checking, thus, if the collaboration is happening indeed.
Information originated from the analysis is, at a first moment, exhibited as table charts. For all the analysis, they are shown the name of the tool (discussion list, newsgroup or chat), the date period (date of the most recent and older message) and the total number of messages exchanged in that period.
Student-Student-Subject Analysis
This kind of analysis identifies the groups of students formed when the discussion of a determined subject is started. In order to do so, the new messages that refer to a certain subject are highlighted, thus, generating a new group. So, each table refers to a single group that treats about a single subject. This subject is, however, formed by several students who sent messages related to that specific subject. Where we have: a) Group ID: Sequential number that identifies a group of students. b) Students: The name of all students that make part of a group. Each student may belong to various groups. c) Subject: The association is identified according to the subject which the students are discussing. In the preanalysis the collecting agents store all subjects and sub-subjects of a message. When working out the associations for the analysis, the agent seek for the most specific subject (probably a sub-subject) that may be common to a larger number of students.
d) Sub-subject: In the case of a message that is specific, treating about a new topic that belongs to the subject in discussion, this topic is detailed at the sub-subject field. e) Individual number of messages: The number of messages sent by a student about a determined subject.
Student-Student Analysis
The reply field of the message allows the identification of the student-student association. In this way, when a student sends a message as answer to another message, it is created a new group in the student-student analysis. All the students that send a message in reply to these messages are part of this same group. This association is just exhibited for the newsgroup, because in the discussion list the messages are sent as reply to all messages of the list.
Group ID Total number of messages
Students Individual number of messages
Each table shows the information about one group. It is shown a group ID, the total number of sent messages in the group, the name of the students and the number of messages sent by each one.
Student-Subject Association
In order to help the teacher to have an individual evaluation of each student's participation and specific interest, another kind of analysis is performed. It contains specific information referring to each student in the class.
This information allows the teacher to follow the student's individual participation, as well as their subjects of interest. The teacher may be able to send motivation messages to make the student interact with the whole group. Each table shows information about an only student. The following information are exhibited:
Student Total number of messages
Subjects
Sub-subjects Number of messages Percentage of participation (%)
Where we have: a) Students: Student's names. b) Subject: List of subjects discussed by the student. c) Sub-subject: For each subject discussed by the student, there is a list of topics associated to that subject commented by the student. d) Individual number of messages: Number of messages sent by student about each subject. e) Student's percentage of participation: The student's percentage of participation for each subject commented among the students. f) Total number of messages
Implemented Prototype
For the implementation of the multi-agent system, we used the Java Agent Template framework (JAT) version 0.3 (Frost, 1998) . JAT supplies a group of classes, written in Java language, that allows the construction of software agents that communicate peer-to-peer in a community of agents distributed in the Internet. JAT supplies a KQML interface for communication among the agents (Finin et al., 1997) , not being necessary to think in the communication in lower level, using sockets and Internet addresses. For so much, this environment has an names server agent which stores the name and IP address of all agents in the society. It facilitates the communication because agents just need to know the name of the agent to which it needs to send the message. All the functionalities of the agents were implemented using the Java language (Sun, 1998).
VALIDATION
The proposed system was used for analysis of chat interactions in a virtual class of the Global Campus Laboratory in the Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS) (Ferreira and Campos, 1998) .
In PUCRS, the students that are going to take the discipline of Introduction to the Computer science may choose the presence teaching, as it usually happens, or the virtual classes. The discipline of Introduction to the Computer science presents basic notions of hardware and concepts of logic programming. In the virtual modality, the first class is in the university where the teacher present and explain the classes and software that will be used. The other classes are virtual and they happen in two weekly meetings of chat in the normal time of class. For validation of the prototype, the system analyzed the chat meetings logs of a virtual group.
For example, let us see one of the classes analyzed by the system. In that class, the students, mediated by the teacher, discussed the following subjects:
-Valves and Transistors; -Input and output devices; -Operating systems; -Programming (algorithms and languages).
The student's individual analysis (student-subject) shows the students names, total number of messages of each student, the subjects and sub-subjects, as well as the number of messages on each subject. The We can observe through the students individual analysis that the words that appear in more than one message, generally, are the ones that really are the subjects of the messages (see black words in the table). In this way, later, the agent can just select words that appear in more than one message. At the moment, we choose to show all words because the students interact so little and, in this way, keywords appear in few messages.
The teacher can observe the student participation by the number of sent messages, as well as for subjects that appears in the analysis.
Another analysis accomplished by the agents searches to identify students groups that discuss on a certain subject (student-student-subject), showing the sub-subjects discussed by each student. The agent just considers as groups, those subjects discussed by three or more students. To illustrate, let us see the example in the This analysis shows the students names that discussed a certain subject -in the example, dispositivos (devices) -as well as the related sub-subjects. As the system has a thesaurus, the agents can identify sub-subjects and group them in groups of subjects. In the example above, Andrea discusses video, Victor monitor and Marcelo scanner. These students are contained in a same group, because the commented components are computer devices. Therefore, video, monitor and scanner are sub-subjects of devices. The students' names will also be in the subject groups: monitor, video and scanner, in case the teacher wants information of the smaller groups.
In general, the analyses of the group of subjects show to the teacher subjects of the messages. This can be observed by the number of sent messages that contain these words, although this information is a little dispersed with words that don't express the content of the messages so straightforward. The students individual analysis, even so, clearly showed in the analysis, which students really participated in the classes and which students were dispersed in subjects not related to the class. In general, the other analysis showed similar results.
CONCLUSION
The analysis of the interactions of a virtual group (see section 5) allowed us to observe that the proposed architecture and the types of analysis showed are appropriate for the wanted objective of supplying information to the teacher that aided him/her to monitor student's interaction. It doesn't fit to the system to be the only evaluation mechanism of the collaboration among the students. The teacher's final evaluation and accompaniment are indispensable, however, the tool can be used as a aid resource to the teacher.
We observed, even so, that the analysis would be more precise to the related subjects if some deeper method of semantic analysis was used (Natural Language Processing), for example, discourse analysis (Grosz and Sidner, 1986) , instead of keyword search. For limitations of time, we worked in larger depth in the multi-agent architecture that was our main objective.
Besides, the validation allowed us to observe that new aspects should be considered for larger efficiency of the system, which we mention above: a) Expressions: Some subjects are formed for more than one word and they lose the meaning when it is just considered one of the words. For example: programming language. b) Orthographic Mistakes: The language used by the students in the interaction tools is quite informal. Besides, in the hurry in exposing their ideas (mainly in the case of synchronous tools as chat), the students make many orthographic mistakes and they use abbreviations that are not considerate by the agents. A possible solution is to create an agent that performs orthographic correction of the messages before they be analyzed. c) Improvement of the interface of the Teacher's Agent: the teacher's agent shows the results of the analysis in text, in a simple way. To provide better visualization of the results for the teacher, the interface can be improved inserting hypertext mechanisms that would allow to the teacher to link among the available information. In this way, for example, the teacher could, after observing the analysis of a group of students, to select a student to visualize individual information about him. d) On-line Prototype: Currently, the agent accomplishes the analysis of the log files of chat meeting. Another way would be the agent to work on-line, where he/she is connected to a virtual conference (chat meeting) and, during the section, it does the analysis and it show the results in the moment in that the conference is happening. Due to limit of time for development of the prototype, the on-line part of the system was not implemented, what can be did as future work. For so much, the proposal architecture can be well used, just taking care some relative implementation details, such as, which software for conference will be used, as how the agent should be connect to the conference, etc.
FUTURE WORK (IN PROGRESS)
The limitations observed in this work (see section Conclusion), help us to model a new online system that will analyze the student's messages and assist and guide the students in communication collaborative tools. This system is modeled as an animated pedagogical agent and it is part of the multi-agent architecture of the project "A Computational Model of Distance Learning Based in the Socio-Cultural Approaches" Piaget (1976 Piaget ( , 1978 Piaget ( , 1979 Piaget ( , 1983 , Freire (1980 Freire ( , 1995 Freire ( , 1996 , Lévy (1999), Morin (1990) and Vygotsky (1998) . In this project, two PhD theses and two master dissertation works are under development (Andrade et al., 2001 ).
This animated pedagogical agent, that we call collaboration agent, assist the interaction among students in a collaborative tool, in real time or not, motivating them, correcting wrong concepts and providing new knowledge. This guide agent will consider not only cognitive capabilities of students, but also social and affective ones, which becomes a more qualitative mechanism of collaboration between students and learning.
Five types of artificial agents are part of the architecture of the system -Diagnostic Agent, Mediating Agent, Collaboration Agent, Social Agent and Semiotic Agent -and human agents (learners and teachers). The Mediating Agent is an interface agent that is responsible for presenting pedagogical contents to the student. All user actions will be collected by the Mediating Agent and sent to the Diagnostic Agent. The Diagnostic Agent updates the information in the student model and verifies, according to received data, if it is necessary to use a new educational tactic and it sends this tactic to the Mediating Agent. If this tactic is, for example, the presentation of an instructional content, the Mediating Agent makes a request to the Semiotic Agent. The Semiotic Agent searches the requested sign or instrument in the knowledge base (for example: contents, animations, videos, chat) and sends them to the Mediating Agent to be shown to the student. When the Mediating Agent verifies a deficiency in the student's learning and considers it would be interesting to perform an activity in group, it will make a request to the Social Agent. The Social Agent will create a Collaboration Agent and form a study group of students which the Collaboration Agent will mediate/monitor the interaction between them. There is a Diagnostic Agent and a Mediating Agent for each student, a Semiotic and Collaboration Agent for all the society and a Collaboration Agent for each group of students formed.
More information about this agent can be found in 2002) .
